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Abstract
This paper investigates magnesium underpotential deposition on platinum electrodes from
magnesium nitrate-ammonium nitrate melts at temperatures ranging from 400 to 500 K. Elec-
trochemical techniques used were linear sweep voltammetry and potential step. Electrode sur-
faces were studied by Scanning electron microscopy (SEM), Atomic force microscopy (AFM),
Energy dispersive spectrometry (EDS), energy dispersive X-Ray spectroscopy (EDX) and X-
Ray diﬀraction (XRD). In the underpotential range studied, it was found that magnesium
underpotential deposition took part simultaneously with reduction processes of nitrate and
nitrite. EDS and XRD measurements showed clear evidence of MgPt3, Mg3Pt alloys being
formed.
K e y w o r d s: magnesium/platinum alloys, underpotential deposition, magnesium nitrate-
-ammonium nitrate melts, microscopy and microanalysis techniques
1. Introduction
Over the past decade, a great deal of eﬀort has been
focused on the ratio of magnesium alloys mass and
strength [1, 2]. Magnesium alloys as materials with low
density and high strength-to-mass ratio, good fatigue,
and impact strength have a wide application prospects
in the automotive industry, aerospace, electronic engi-
neering, as well as in electrode components for chem-
ical power sources and rechargeable magnesium bat-
tery systems [3–5]. Recently, it has been shown that
magnesium alloys, due to their outstanding biocom-
patibility and biodegradability [6], can be used in the
fabrication of biodegradable implants.
Magnesium alloys are presently accounting for only
1 % of the total market for light metal castings. On
the other hand, electrodeposition of magnesium and
its alloys as a highly eﬃcient production, including in-
novative processing of Mg-alloys, could become a key
factor in cost saving initiatives [7]. However, the elec-
trodeposition of Mg and Mg-based alloys from aque-
ous solutions is impossible, because hydrogen is gener-
ated at the working cathode before magnesium can be
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deposited. This prevents even the smallest amounts of
magnesium metal to remain as a deposit on an elec-
trode without being dissolved in the aqueous solution.
In addition, Mg cannot be deposited from solutions
of simple Mg salts such as Mg(ClO4)4 in conventional
organic solvents (acetonitrile, propylene carbonate or
dimethylformamide). This is most likely due to the
working electrode surface becoming covered by passi-
vating surface ﬁlms whose ionic conductivity is very
low [3].
The electrodeposition of Mg is done from melts.
Some of these melts include inorganic and organic
chloride or ﬂuoride salts, combined with cations of
some alkaline/alkaline earth metal, or some organic
cation or anion [8–11]. Ionic liquids (made of organic
salts) became known relatively recently and proved
to be suitable media for electrodeposition of metals
and alloys at relatively low temperatures (from 273 to
373K) [8, 12].
The melts of alkaline and alkaline earth metals ni-
trate salts, including their possible application as elec-
trolytes [13–15], became a subject of interest in the
second half of the twentieth century [16–18]. Among
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some nitrate melts investigated electrochemically, nei-
ther magnesium nitrate nor magnesium nitrate – am-
monium nitrate mixture melts were studied. The data
referencing electrodeposition of magnesium, magne-
sium underpotential deposition and alloy formation
from nitrate melts are practically nonexistent, al-
though their working temperatures should be much
lower than in other suitable inorganic melts.
Among reasons for nitrate melts not being investi-
gated very often for metal electrodeposition are very
pronounced oxidative characteristics of nitrates and
a great number of oxidation/reduction processes that
can take place between cations and anions and water
which is typically present in nitrates [14, 15], make
these melts not conducive for metal electrodeposition.
Magnesium nitrate hexahydrate is an octahedral com-
plex with magnesium cation [Mg(H2O)6]2+ which is
very stable. However, it is impossible to remove wa-
ter from it by heating, because it decomposes before
losing water and transforms into magnesium (II) ox-
ide. Finally, the presence of water in magnesium melts
cancels the advantages the melts have against magne-
sium aqueous solutions. Nitrates also pose additional
diﬃculties related to maintaining the intended tem-
perature at ± 3 K, which arise from the large latent
heats of the numerous nitrates phase transformations
in the temperature range from 373 to 500 K [16].
Metal electrodeposited under underpotential de-
position (UPD) conditions (electrodeposition of met-
als on foreign substrates at potentials more positive
than the equilibrium potential of the depositing metal)
from aqueous, non-aqueous solutions and melts (even
at room temperatures) onto a cathode of a diﬀer-
ent metal can diﬀuse into the substrate and gener-
ate alloys [19–25]. Alloys obtained by overpotential
electrochemical deposition (OPD) and UPD can have
diﬀerent chemical and phase structures from the al-
loys of the same composition obtained by metallur-
gical (thermal) methods [8, 20–25]. Recently, mag-
nesium/platinum alloys formation by electrochemical
means has been the subject of interest because of their
applications in chemical power sources, jewelry and
prosthetic aids [3, 4, 5, 6, 26–30].
In this article, we focus on overcoming the limi-
tations of working on electrodeposition from nitrate
melts, establishing whether underpotential deposi-
tion of magnesium onto platinum from magnesium
nitrate exists, and determining whether it leads to
magnesium-platinum alloy formation.
2. Experimental procedures
The electrochemical experiments were carried out
in a three-electrode electrochemical cell [24, 25] made
of Pyrex glass placed in a heating mantle designed for
work with melts under a puriﬁed argon atmosphere
(99.99 % Ar). The temperature of the melts was con-
trolled (via electronic thermostat) between 363 and
463K± 3 K. Central neck was closed with a Teﬂon
plug carrying the working electrode (99.999 % Pt plate
0.4 cm2), left neck with a Teﬂon plug holding an argon
glass inlet-outlet and glass Luggin capillary with mag-
nesium reference electrode (3 mm diameter 99.999%
Mg wire), and right neck with Teﬂon plug holding
magnesium anode (99.999 % Mg) in the shape of a
curved rectangular shovel (7.5 cm2 active surface area)
and a tube of thin glass with a thermocouple. Argon
and other possible gases coming out of the cell were
captured/washed in two bottles (ﬁrst with a slightly
basic solution and second with a slightly acid solu-
tion). The cell setup was placed into a sealed trans-
parent plastic “glove box” to create a moisture free
atmosphere around the cell.
The melt used in this work was a non-aqueous
eutectic mixture Mg(NO3)2 + NH4NO3. The prepa-
ration process of the non-aqueous eutectic mixture
Mg(NO3)2 + NH4NO3 has been described in detail
elsewhere and brieﬂy stated below [24, 25]. The pro-
cess of water removal from magnesium nitrate hexahy-
drate included: 5 g of magnesium nitrate hexahydrate
and 15 cm3 of trimethyl orthoformate brought to a boil
and kept for 90 min under reﬂux at 343K, followed
after 90 min by formation of crystals of non-aqueous
magnesium nitrate and remaining liquid being submit-
ted to a vacuum distillation at 343K. Upon removal of
the visible liquid the remaining crystals were vacuum
dried for additional 60 min. Non-aqueous magnesium
nitrate was kept in a closed glass container in a des-
iccator furnished with plenty of silica gel. Ammonium
nitrate hexahydrate was dried for ten hours at 378K.
Wanted amounts of magnesium nitrate mixture with
ammonium nitrate were placed into the cell supplied
with electrodes, argon supply was turned on, and the
system was heated gradually to the wanted tempera-
ture.
Before each measurement, the electrodes, a plat-
inum working electrode, magnesium anode, and a
reference electrode were mechanically polished with
emery paper (FEPA P-4000) to a mirror ﬁnish and
then etched. Platinum working electrode (99.999 %
Pt) was etched in aqua regia in several intervals of ten
seconds alternating with washing with deionized wa-
ter. Magnesium anode and a reference electrode were
etched in the solution, made of conc. HNO3 + conc.
H2SO4 + deionized water, in several intervals of ten
seconds alternating with washing with deionized water
[24]. Finally, all electrodes were rinsed with deionized
water, absolute ethyl alcohol, dried and mounted in
the cell.
The experiments involved using electrochemical
techniques: linear sweep voltammetry (LSV) and po-
tential step. The potentials of working electrodes were
measured in relation to the equilibrium potential of
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Fig. 1. Cyclic voltammograms recorded on a Pt electrode in non-aqueous eutectic mixture Mg(NO3)2 + NH4NO3 at 450 K,
obtained with scan rate 40 mV s−1; a) Es = +1.200 V ↔ 0.050 V vs. Mg and b) — ) Es = +1.100 V ↔ 0.000 V vs. Mg;
– – –) Es = +1.200 V ↔ –0.600 V vs. Mg; · · ·) Es = +1.200 V ↔ –1.000 V vs. Mg.
magnesium reference electrode in the melt used under
given conditions.
The cyclic voltammetry experiments included one
or more cycles of the working electrode potential cy-
cling from a starting potential, ES (usually 50 to
100mV more negative than the reversible potential of
Pt working electrode) to a ﬁnal potential, EF (which
was positive to the reversible potential of Mg) and
then back again to ES, all at scan rates (between 5
and 100 mV s−1). Results were recorded by Poten-
tiostat/Galvanostat Princeton Applied Research Cor-
poration Model 273A and controlled by Power Suite
Software (Princeton Applied Research).
The potential step method included a change of
the working electrode potential from an initial poten-
tial, EI (50 to 100 mV more negative to platinum
equilibrium potential in the given melt) to a poten-
tial, EX (50 to 100mV more positive to magnesium
equilibrium potential in the given melt). EX potential
was held constant for 120 and 600min, after that the
cathode was retrieved from the cell under potential to
preserve deposited material or possible alloys formed
during UPD of magnesium.
After undergoing UPD on platinum, the electrodes
were thoroughly washed in the glove box with the ab-
solute ethyl alcohol to remove the melt residue. Then,
the sample was transferred out of the box and kept
without exposure to the atmosphere. Thus obtained
samples were characterized by Scanning electron mi-
croscope (SEM) with an Energy dispersive spec-
troscopy (EDS) (SEM – “JEOL”, model JSM-5800,
Japan, EDS – “Oxford INCA 3.2”, U.K.) and energy
dispersive X-Ray spectroscopy (EDX-mapping – Ox-
ford IncaEnergy EDX), X-Ray diﬀraction using (XRD
– “Enraf Nonius powder diﬀractometer”, Germany),
Atomic force microscopy (AFM with NanoScope 3D
Veeco, USA).
3. Results and discussion
In this work, it was essential to conﬁrm that the
method of water removal from magnesium nitrate de-
scribed above had been eﬀective. It was found that the
mass diﬀerence between the magnesium nitrate hex-
ahydrate entering the process of water removal and
the magnesium nitrate leaving the said process was
39± 3 %. This would suggest that at least 92 % of
water had been removed. The deviation from 100 %
can be attributed to the residual methanol, methyl es-
ter of formic acid or some of their derivatives because
the obtained Mg(NO3)2 crystals appeared to give oﬀ
these chemicals immediately after drying. In addition,
earlier obtained results suggest that the process of
water removing from magnesium nitrate hexahydrate
was successful [24].
There is no universal reference electrode in exper-
iments with melts. Therefore, in the systems where
underpotential deposition is examined it is common
practice to use the reversible potential of the deposit-
ing metal as a reference electrode potential with an
ascribed value of 0.000 V. In the nitrate melts used,
for magnesium underpotential deposition on platinum,
this meant using magnesium as a reference electrode.
Polarization measurements and cyclic voltammetry
performed on the magnesium working electrode with
magnesium reference, and counter electrodes have
shown that reversible magnesium potential in the used
magnesium nitrate melts, under temperatures ranging
from 340 to 500 K, was stable [25]. The experiments in
the non-aqueous eutectic Mg(NO3)2 + NH4NO3 mix-
ture were performed at 450 K and reversible potential
of polycrystalline platinum was 1.290 V± 30mV vs.
Mg.
Typical examples of the voltammograms obtained
in our system are given in Figs. 1a,b. General charac-
324 V. S. Cvetkovic´ et al. / Kovove Mater. 54 2016 321–330
teristics of the voltammograms indicated the presence
of more than one reduction peak with no oxidation
counterparts. Stripping peaks were not observed even
when cathodic end potential was pushed into overpo-
tential range. Sometimes reduction peaks were spread
over a wider range of applied potentials without show-
ing a steeper increase or decrease of current density
values. Such structures of voltammogram peaks are
characteristic of multiple processes which start succes-
sively one after the other at potentials whose values
are close and proceed further simultaneously (often
next process starts with increasing rate at the same
time that a previous process ends with a diminish-
ing rate). The obtained peaks then represent the sum
of rates of all the processes taking part at a certain
potential. The absence of anodic (oxidation) counter-
parts to the cathodic peaks was a subject of some
works [14, 15, 23, 31–33]. These studies emphasize that
in nitrate melts changes of the platinum electrode po-
tential from anodic to cathodic values (compared to
the magnesium reversible potential) provoke passiva-
tion of the working electrode surface which becomes
partially (or fully) covered with magnesium oxides lay-
ers. These layers do not dissolve when the potential is
returned to the starting value.
Suggestions of the possible processes that could
produce reduction peaks in the magnesium UPD re-
gion investigated, apart from ones brought about by
the magnesium underpotential deposition itself, can
be found in rare published works [14, 15]. It is impor-
tant to point out that the potentials of the proposed
reactions measured relative to Na, K or Li, cannot
be directly used in our case, but it can be assumed
with enough certainty that the order of the reaction
potentials and the potential diﬀerences between these
processes were preserved with respect to magnesium
reference potential. However, absolute values must be
changed by the amounts reﬂecting diﬀerences in refer-
ence potentials between Na, K, and Li in their nitrate
melts and Mg in used nitrate melts.
Results obtained with linear sweep voltammetry
have shown, as it was expected [14, 15, 24], that the
ﬁrst group of anion (nitrate) reduction processes from
the non-aqueous nitrate melt used proceed at poten-
tials between ≈ 850 and 350 mV vs. Mg, followed by
the second group of nitrate reduction processes at po-
tentials more negative than 350 mV vs. Mg [14, 15,
24] but still in magnesium UPD range. The said reac-
tion potentials are mutually very close, and therefore,
the current peaks were smeared over the recorded po-
tential range. The change of the platinum electrode
potential from positive values to the magnesium re-
versible potential (magnesium UPD region), induces
some reactions based on nitrogen-based anions and
cation, very reactive oxygen anion O2−, OH− and
sometimes water [24] also. All produced gases were
removed from the electrochemical cell by the argon
stream, so when the electrode potential is reversed into
a positive direction, the theoretically possible reverse
oxidation reaction back to initial NO−3 or H2O could
no longer be expected. As a result, no anodic voltam-
mogram peaks due to the oxidation of the produced
gases could be recorded. Furthermore, O2− produced
in inner and outer parts of the electrochemical dou-
ble layer very quickly engaged in reaction with Mg2+
present [14, 15, 23, 24, 31–33]:
Mg2+ + O2− → MgO, (1)
the result being the formation of insoluble magnesium
oxides in the magnesium UPD region. The thermal
decomposition constant [14, 15] decides upon the sta-
bility of possibly present magnesium hydroxide:
Mg(OH)2 ↔ MgO+H2O. (2)
In the melt made of a eutectic mixture of magne-
sium nitrate and ammonium nitrate, at the tempera-
tures used, ammonium ion, resulting from NH4NO3
dissociation [14, 15], forms a compound (NH4)3
Mg(NO3)5. In the melt, this compound exists as
a quasi-crystalline structure made of NH+4 , Mg
2+
cations, and NO−3 anions [14, 15]. The fact that the
reduction current densities in the magnesium nitrate
melts increase with the increase of the ammonium ni-
trate present, at the constant temperature in the mag-
nesium UP region investigated, leads to the conclusion
that NH+4 reduction is taking place:
2NH+4 + 2e
− → 2NH3 +H2. (3)
However, this reaction is, under conditions given,
irreversible and voltammograms could not show oxida-
tion peaks when the electrode potential was reversed
in the positive direction.
From the above data, it can be concluded that
in the UPD region examined anodic voltammogram
peaks cannot be expected.
The half of the work function diﬀerence be-
tween Pt substrate and depositing Mg is ≈ 450 eV
[34] and according to [35] the UPD of magnesium
onto platinum should be almost certain. It is log-
ical to assume then that the reduction peaks ob-
tained by LSV measurements on the platinum work-
ing electrode from magnesium nitrate and ammo-
nium nitrate melt used in the magnesium underpo-
tential region are sums of partial current densities
for Mg2+ underpotential reduction, nitrate anion re-
duction, and ammonium cation reduction. Being a
sum, the recorded current densities suggest small mag-
nesium underpotential deposition of partial current
densities. Such small current densities exhibited by
the UPD voltammograms from similar melts [23, 32,
36, 37] were characteristic of deposited metal mono-
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Fig. 2. SEM micrographs of Pt surface after magnesium underpotential deposition at 450 K from non-aqueous eutectic
mixture Mg(NO3)2 + NH4NO3 by using potentiostatic technique for a) 2 h and b) 5 h.
Fig. 3. 2D and 3D AFM images of the platinum surface: a) before magnesium underpotential deposition and after mag-
nesium underpotential deposition at 450 K for b) 2 h and c) 5 h.
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Ta b l e 1. Results of EDS semi-quantitative analysis for the Pt samples exposed to the constant potential of +60 to
+100 mV vs. Mg for 2 and 5 h in used melts
2 h Mg UPD on Pt substrate
Elmt. Spec Type Elmt ( %) Sgma (%) (at.%)
O K ED 30.53 0.14 6.60
Mg K ED 1.11 0.03 1.56
Pt M ED 68.36 0.27 1.84
Total 100.0 100.0
5 h Mg UPD on Pt substrate
O K ED 23.40 0.47 3.79
Mg K ED 3.03 0.04 7.95
Pt M ED 73.56 0.25 8.26
Total 100.0 100.0
Fig. 4. Characteristic EDS spectra of platinum samples
after a) 2 h and b) 5 h of magnesium underpotential depo-
sition at 450 K.
layers diﬀusing into the substrate and forming al-
loys.
The indication of magnesium underpotential depo-
sition on platinum is exhibited in Figs. 2–5. They rep-
resent SEM, AFM, EDS, and EDX results obtained
from the platinum electrode held for two and ﬁve
hours on electrode potential of +60 mV vs. Mg in the
non-aqueous eutectic mixture Mg(NO3)2 + NH4NO3
at T = 450K. A typical example of XRD analysis
results for the platinum sample exposed to magne-
sium underpotential deposition at +80 mV vs. Mg
in the same melt and at T = 450K for: a) 2 h and
b) 5 h is shown in Figs. 6a,b. In this particular case,
the results obtained using XRD analyses suggest that
magnesium-platinum alloys are being formed.
The surface of the platinum sample taken after
magnesium underpotential deposition at 450K for two
and ﬁve hours was analysed by SEM (Fig. 2) and AFM
(Fig. 3). The deposits are very compact and signif-
icantly rough with agglomerations of diﬀerent sizes.
The roughness and height of the agglomerations in-
crease slightly with increased deposition time.
In Fig. 3a sporadic small areas of rough morphol-
ogy, probably caused by mechanical interaction dur-
ing polishing, could be seen on ﬂat and uniform bare
platinum surface. The 2D and 3D images in Figs. 3b,c
obtained after two and ﬁve hours, respectively, of Mg
UPD showed crystalline agglomerations, which seem
to have a form of islands.
The results obtained by EDS (Figs. 4a,b and Ta-
ble 1), EDX (Figs. 5a,b) and XRD (Figs. 6a,b and
Table 2) analysis of the Pt substrates exposed to
constant potentials in the magnesium underpotential
region (+50 to +150 mV vs. Mg) strongly suggest
that magnesium deposition takes place at potentials
more positive than the equilibrium potential of the
depositing metal and magnesium-platinum alloys be-
ing formed.
It is impossible to identify the precise value of the
potential at which magnesium UPD starts. However,
it is obviously signiﬁcantly positive to the reversible
magnesium potential in the used melt.
According to the Hume/Rothery rules [38], Mg
and Pt fulﬁll the required conditions to form alloys
(solid solutions), including “the 15 % rule”, because
Mg and Pt atomic radii diﬀer only by 10 %. However,
it has been pointed out [26, 44], the phase diagram
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Fig. 5. EDX maps of magnesium a), c) and oxygen b), d) distribution images after two and ﬁve hours of magnesium
underpotential deposition at 450 K.
Fig. 6. Diﬀraction patterns of platinum sample after a) two and b) ﬁve hours of magnesium underpotential deposition
at EX = +80 mV vs. Mg in non-aqueous eutectic mixture Mg(NO3)2 + NH4NO3 at T = 450 K; a) and b) (+) (fct) –
MgPt3 [39]; (∗) (hcp) – Mg3Pt [40]; (Δ) (bcc) – MgO2 [41]; (•) – (fcc) MgO [42].
has not been completely determined for the Mg-Pt
system.
The solubility of Pt in Mg appears to be negligible,
and that of Mg in Pt has not been determined. How-
ever, the conductivity of a two-phase Mg-0.14 at.%-Pt
alloy was measured, and it proved that the conductiv-
ity was less than that of pure Mg, so there was some
solubility of Pt in Mg [44]. On the other side of the di-
agram the X-ray analysis of a two-phase Mg-Pt alloy
(Mg-0.12 at.%-Pt), and the lattice parameters of Mg
(a = 0.32080 nm and c = 0.52103 nm) and those of
pure Mg (a = 0.32088 nm and c = 0.52099 nm) shows
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Ta b l e 2. The alloys identiﬁed on platinum samples after magnesium underpotential deposition at diﬀerent times from
non-aqueous eutectic mixture Mg(NO3)2 + NH4NO3 at T = 450 K
T (K) Time (h) Identiﬁed phase System Approximate composition (at.% Pt)
450 2 MgPt3 hcp ≈ 71.6
450 5 MgPt3 fct ≈ 71.6
5 Mg3Pt hcp ≈ 25
to be very close to each other, indicating a very low
solid solubility of Pt in Mg. An analysis of Mg-Pt bi-
nary system [44] suggests that the eutectic point is at
7.6 at.% Pt and 648 K (analogous to the Mg-Au sys-
tem), and “at least” two intermediate phases: a homo-
geneous solid solution around the Mg6Pt composition,
and a stoichiometric Mg3Pt compound (analogous to
the Mg-Pd system).
Some authors [26] proposed that the experimen-
tal phases at compositions MgPt7 and Mg85Pt7 were
not evaluated because the structures have not been
completely determined. At compositions Mg2Pt and
MgPt2, phases may exist where none has been exper-
imentally observed. While the MgPt2 (Ga2Hf struc-
ture) is found slightly above the tie line (∼ 1.9 meV),
the C16 structure is stable at Mg2Pt. It is interest-
ing to note, however, that an identical ordering of the
phases in composition Mg3Pt occurs in the chemically
similar Mg-Pd system and that the stable ab initio and
experimental phase at composition MgPd are L10.
Other authors [43] reported that magnesium plat-
inum alloys were prepared by heating Mg and Pt in
sealed Fe crucibles, then examined metallographically.
From these examinations and a few thermal analyses,
there were reports [44] of the existence of “at least”
two intermediate phases: a homogeneous solid solu-
tion around the Mg6Pt composition, and a stoichio-
metric Mg3Pt compound (analogous to the Mg-Pd
system). Diﬀerent works [42] discovered two more in-
termediate phases, a MgPt compound and an ordered
fct phase near 75 at.% Pt that coexists with Pt. On
the Pt-rich side of the system, two cubic superlattice
phases, MgPt3 and MgPt7 were found [45]. The alloys
were prepared by reduction of MgO with H2 in the
presence of Pt between 1373 and 1673K. MgPt3 was
prepared at 1373K in the composition range 71.6 to
75.5 at.% Pt and MgPt7 was formed in the tempera-
ture range 1473 to 1673K in the composition range
85.5 to 89.7 at.% Pt [44]. It appears that the ordered
fct phase near 75 at.% Pt reported by [39] and the
ordered MgPt3 phase of [45] are the same phases.
The alloys: hcp MgPt3 and hcp Mg3Pt, described
in the above-cited literature, have been recorded
in magnesium underpotential deposition experiments
performed on platinum in used nitrate melts but at
temperatures which are several hundred K lower (see
Figs. 6a,b and Table 2). Which part of the magne-
sium adatoms formed by underpotential deposition
on platinum surface participate in oxide formation
and which diﬀuse into the substrate and contribute
to alloy formation could not be concluded by linear
sweep voltammetry, EDS or XRD results. LSV re-
sults indicated EDS and XRD results conﬁrmed both
magnesium-platinum alloy and magnesium oxide for-
mation at the surface of the platinum electrode in ni-
trate melts used.
Equation (1) describes the process of magnesium
oxide formation in the absence of water in the used
melts [14, 15]. In addition, some novel results [31–
33] suggest that every amount of reactive magne-
sium on the electrode surface in the presence of
O2− and OH− anions very quickly turns into MgO.
Therefore, the surface of the platinum working elec-
trode becomes partially covered with MgO even in
the ﬁrst linear change of the potential from anodic
end to cathodic end of the magnesium underpoten-
tial range. This, however, did not preclude a suf-
ﬁcient amount of magnesium underpotentially pro-
duced adatoms to participate in magnesium-platinum
alloy formation by interdiﬀusion. Part of the mag-
nesium ions in magnesium (II) oxide probably dif-
fuse through the oxide layer to the platinum sur-
face where they become discharged into magnesium
adatoms which are then participating in the interdiﬀu-
sion processes as well. Fast and unavoidable formation
of insoluble MgO in the magnesium underpotential de-
position range on platinum from used nitrate melts ex-
plains quasi-passivation of the working electrode and
the lack of anodic current peaks on the voltammo-
grams recorded.
4. Conclusions
The UPD of Mg on Pt substrate from magnesium
nitrate melts used at potentials very close to 100 mV
vs. Mg was established.
As a result of the magnesium underpotential de-
position onto the platinum substrate from the nitrate
melts used the formation of two alloys, Mg3Pt and
Pt3Mg, was observed.
Alloys obtained were formed at the temperatures
several hundred degrees Kelvin lower than the tempe-
ratures which are, according to the existing knowledge
V. S. Cvetkovic´ et al. / Kovove Mater. 54 2016 321–330 329
on the binary Mg-Pt system, needed for their forma-
tion by thermal means.
It appears that underpotential deposition of the
metals unsuitable for electrodeposition from aqueous
electrolytes, like magnesium, can be performed even
from nitrate melts at low temperatures and that it can
lead to the formation of alloys in a controlled manner.
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